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Introduction

This issue reviews the assembly of a basic circuit with an LED and push button. We compare the use 
of a push button and a switch in the same circuit. The lesson emphasizes how closed circuits work 
and the flow of current through a circuit. The circuit uses a resistor to limit the amount of current 
flowing through the LED. The resistor demonstrates how we limit the flow of current through a circuit. 
Students understand that current is something that flows through a circuit event if we can’t see it flow-
ing. There is an animation below that shows how current flows through our basic LED circuit. I used an 
app to create the circuit simulator. 

In the next lesson, we assemble a circuit with a capacitor. A capacitor stores energy much like a bat-
tery. This energy is the potential energy that is released as current and kinetic energy. The purpose of 
the lesson is to demonstrate how energy is stored and released.

The third lesson focuses on the transistor as a switch. Transistors are commonly used in computers. 
This lesson uses a common transistor to light an LED. The lesson is divided into two parts. The first 
part uses one power source to trigger the transistor and light the LED. The second part uses two pow-
er sources. A low power source of 1.5 volts is used to trigger the transistor. A second power source of 
6-volts is used to light the LED. The LED in the second part is much brighter because of the second 
power source. Students understand that closed circuits are formed with closed loops using physical 
and electronic switches. 
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Tinkercad

Tinkercad is an online development tool for 3D 
models. It is also a development tool for circuits. 
The development environment is easier to use 
than similar tools used by professionals. It’s intu-
itive for students to use. The lessons in this issue 
will focus on the electronic circuit development 
environment. This environment has components 
to construct a variety of electronic circuits. We 
can assemble and test these circuits inside the 
development environment. 

There are many benefits to using an online devel-
opment and simulation environment. The service 
is available online so there is nothing to install.  
The computer should have the latest browser 
installed. There is no specific browser require-
ment. The service is free. The components don’t 
break. We are free to make mistakes. The envi-
ronment is safe. We don’t have to worry about 
students sticking themselves with the points of 
LEDs or transistors. No electronic shock from the 
battery current. 

A drawback is that the development and testing 
environment is digital. Studies show time and 
again the importance of kinesthetics. Kinesthetic 
learning is where students interact with learn-
ing by touching and interacting with objects. 
Students are engaged in active learning. In my 
experience, students learn better when they 
interact with the content. Using an online simula-
tion is not enough. The online skills don’t always 
transfer from the simulated world to the real 
world. There are lots of reasons for this and one 
reason is the lack of context. Learning skills must 
be applied to real-world situations. There needs 
to be a connection to real-world situations and 
problems.

I recommend combining the online development 
of circuits with actual hands-on using real com-
ponents and circuits. Electronic circuits are rela-
tively inexpensive. A box of 300 LEDs on Amazon 
costs as little as $9 US dollars. A box of over 500 
resistors costs about the same. An assortment of 
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capacitors costs about $13 dollars. A pack of six 
mini breadboards runs about $5. 

Find an old radio in a second-hand store and 
open the back. Expose the electric components. 
Don’t plug the radio to a power source when 
doing this. Remove any batteries too. Identify the 
components and discuss their purpose. 

Studying the components in a circuit ties in very 
nicely when discussing systems. How do the 
components contribute to the functioning of the 
radio? How would the removal of one compo-
nent affection the functions of the radio? How is 
this similar to other systems?

Login and Tinkercad Circuits

Tinkercad is free. Creating an account requires an 
email address. Students in districts with account 
integration through Google or Microsoft can log 
in with one of these accounts. The login option 
for Google or Microsoft is not immediately 
apparent. Let’s take a look at the process. Click 
the Sign In button. 

Select the option to sign in with a social media 
provider account.

Select the Google or Microsoft login option.

Sign in with your email account credentials. If you 
are using a Google account and are using the 
Chrome browser then you will be presented with 
your account information. Click the account you 
want to use. Most people have one account. You 
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might have multiple Google accounts. Just select 
your favorite.

The Tinkercad home page appears as soon as 
you log in. The home page enters the 3D devel-
opment environment. There is a menu on the left 
side of the page. Use this menu to navigate to 
the Circuits development environment.

The Circuits portal has a nice big green button. 
Click this button to create a new circuit.
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Circuit Simulator

The circuit simulator is simple. The main area has a development canvas. All the available components 
are found in a panel on the right side. There is an extensive list of components. The basic components 
are displayed for us to begin basic projects. Some of these components include LEDs, switches, resis-
tors, and batteries. There is a search box above the component list. The search box is useful when we 
need to find a specific component in the much larger list of components.

There are four buttons above the list of components. One of the buttons is used to start the simula-
tion after we construct a circuit. When everything is ready we press the Start Simulator button. This 
activates the simulated battery current and the effects that result from the flow of current. We need to 
press this button to begin the simulation every time. We need to stop the simulation when we want to 
make any changes to the circuit. Like in real life, we should not work on a circuit when current is flow-
ing through it. 
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The Breadboard

A breadboard is used to develop circuit proto-
types. It provides a place for us to connect com-
ponents and hold them in place. No soldering is 
required. Without a breadboard, we would have 
to connect components with clips or bare wire. 
These are not ideal ways to connect compo-
nents. The breadboard makes the job of creating 
circuits much easier. 

The term breadboard comes from the early 
days of electronics and prototype development. 
Hobbyists would use screws and nails on old 
breadboards to hold components and wires in 
place. Breadboards were made of wood. The 
breadboards used for electronic prototyping 
today are made of a plastic case. Inside the case, 
we have metal clips that hold components and 
wires.

For those of you that don’t know. A breadboard 
was at one time used to slice bread. This is when 
you made your own bread or purchased bread at 
a bakery. 

Before building projects on a breadboard we 
should find it in the components panel and place 
it on the work area. Scroll down the list of com-
ponents and find the small breadboard. Click and 
drag the board onto the work area. We can also 
click the board once and it will attach itself to our 
mouse pointer. Place the board near the center 
of the work area.

Let’s take a closer look at the board. It is import-
ant that we understand how the board works. 
The board is a plastic rectangular box. The box 
has holes placed in patterns.

There is a series of holes between red and black 
lines. These holes between lines are on opposite 
ends of the breadboard. The end of each line has 
a Plus or Minus symbol. The plus is red and the 
minus is black. These colors are important. They 
are a standard used by most circuit designers. 
The holes along the red line carry current from 
the positive side of a battery terminal. The holes 
along the black line carry current along the nega-
tive side of the battery terminal.

Let’s take a look at what is going on inside a 
breadboard. Under each of the holes is a metal 
clamp. This clamp holds the wires we insert into 
the holes. The clamps are all connected together. 
We can use any hole to pass current to any of the 
components. In the diagram, I am showing that 
voltage is flowing in from the positive terminal. 
The current can flow in from any of the holes on 
the board. The current is distributed to all the 
other clamps. Once we connect a component, 
the current flows up the clamp and into that 
component. 
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We are accustomed to thinking that electric 
current flows from the positive terminal of a 
battery to the negative terminal. Electric cur-
rent does flow from the positive terminal to the 
negative but the concept is backward. Electrons 
flow through circuits. Electrons have a negative 
charge. They flow toward the positive end of the 
battery. 

When electricity was first discovered it was 
thought that electric current had a positive 
charge. We later found that the electric current 
has a negative charge. By that time it was too late 
and the symbols for current flow have remained 
the same for most people. The positive battery 
terminal is filled will electrons flowing out and 
going to the negative end of the battery which 
is filled with protons. Protons have a positive 
charge. 

Here is another sliced look at the breadboard. 
This view shows the positive and negative bus-
es on both sides. A bus in electronics terms is a 
metal conductor that transfers electric current to 
components. 

Each positive and negative connector is a bus 
that transfers current to each component that 
touches any point on the bus. Our components 
are assembled into circuits using connectors 
in-between.

The holes and clips between these two rails work 
much the same way. The difference is that the 
clips connect horizontally. The holes in the center 
are organized in a grid. The columns are labeled 
from A to J. The rows are numbered from 1 to 30 
on this board.  

The board is split in two. There is a divider run-
ning down the middle. This divider is there so we 
can assemble multiple projects on one board. 
We can assemble a project using columns A 
through E and others using columns F through J. 
We can bridge this gap using a jumper wire. We 
will talk about jumper wires once we begin work-
ing on the first project.

The best way to learn how a breadboard works is 
by using it to develop projects.
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